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Abstract

Indices of biotic integrity (IBI) were computed for two annual fish collections from 27 locations along the bluffline
bordering the Mississippi River alluvial plain in northwestern Mississippi. Study sites exhibited varying degrees of
physical habitat degradation due to accelerated channel erosion. Objectives of index application were to quantify
existing environmental quality and to test the IBI as a tool for relating fish population characteristics to physical
degradation. Physical habitat data were collected concurrently with fish at all sites, and physical habitat descriptors
were compared with the IBI scores and component metrics.

Three to 23 fish species were captured from each site, and species richness explained 64-70% of the variance
in IBI scores. Fish collections were dominated by insectivores tolerant of habitat and water quality degradation.
Suckers and piscivores were relatively uncommon.

The IBI scores were generally not reflective of physical habitat conditions. Variation in IBI scores was indicative
of only the grossest differences in physical habitat quality. Weak relationships between physical habitat quality
and IBI scores may have been due to large temporal variations in biotic integrity typical of degraded habitats.
Alternatively, water quality degradation, which we did not measure, may have confounded relationships between
physical habitat and fish metrics.

Regional application of the IBI as a habitat assessment tool in landscapes with widespread physical degradation
must overcome lack of suitable reference sites, large temporal variation in IBI scores, and srall numbers of fish
per collection, leading to lower confidence levels for IBI scores. The scarcity of lightly impacted sites may hinder
detection of biotic integrity response along gradients of physical habitat quality.

Introduction

Despite the continued emphasis by resource agencies
on toxicity testing and mounitoring physical and chem-
ical water quality, a more broad-based approach for
defining stream quality is gaining acceptance (Karr,
1991, 1992, and 1993). The index of biotic integri-
ty (IBI), with slight to moderate modifications of its
original formulation (Karr et al., 1986), has been used
to characterize streams experiencing various types of
impacts (nonpoint source pollution, point source pol-
lution, channelization, gravel mining, eic.) in Iili-

The U.S. Government right to retain a non-exclusive, royalty-
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nois (Angermeier & Schlosser, 1987), West Virginia
(Leonard & Orth, 1986), Missouri (Berkman ef al.,
1986), Ontario (Steedman, 1988), Louisiana (Kill-
gore & Douglas, 1988), Idaho (Bennett & Fisher,
1989), Oregon (Hughes & Gammon, 1987), Wiscon-
sin (Kanehl & Lyons, 1992), Tennessee (Crumby et al.,
1990), Ohio (Rankin & Yoder, 1990}, Colorado (Bram-
blett & Fausch, 1991), and elsewhere (Miller ef al.,
1988; Fausch et al., 1984). Indices of biotic integrity
offer many advantages over other statistics common-
ly used to describe stream fish communities (Fausch
et al., 1990) and to assess environmental quality of
watersheds (Karr, 1987). Furthermore, extension of
the concepts underlying the IBI to lakes, reservoirs,
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Fig 1 Study site locations.

wetlands, and coastal environments is underway (Katr,
1992). Similar approaches have been used to formu-
late and test indices based on benthic macroinverte-
brate data (Karr & Kerans, 1992) and based on com-
binations of metrics describing benthic macroinverte-
brates, amphibians, and fish collections (Bennett &
Fisher, 1989).

In order to verify its validity, the IBI has been
shown to correlate with measures of habitat quality
and environmental impact (Karr et al., 1984; Leonard
& Orth, 1986; Berkman et al., 1986, Lyons 1992). In
at least one case, a habitat index was shown to cor-
relate with IBI in order to verify its utility (Petersen,
1992). The State of IHinois has developed a regres-
sion equation to predict the ‘potential’ IBI in terms
of habitat variables (Joseph, 1993). Herein we present
physical habitat measurements and indices of biotic
integrity for warmwater streams along the bluffline
bordering the lower Mississippi river alluvial plain in
northwestern Mississippt. In this region, a combination
of geological and cultural factors has led to large-scale
watershed instability and channel erosion resulting 1n

Tuble 1. Numbers of fish species reported in recent studies of rapidly
eroding streams of northwest Mississippt

Maximum Number Duration of  Total  Reference

drainage of sites study number
area, km? of fish
species
133 8 Summer. 1985 39 Cooper & Kmght (1987)
91 11 1986-1988 31 Kmght & Cooper (1990)
253 56 1985 52 Knight & Cooper (1987)
~500 8 1989-1991 37 Cooper er al (1992)
550 12 19861988 52 Knight & Cooper (1991b)
205 4 1991 34 Shields et al (1994)

several meters of channel bed lowering and increases
in channel width of up to 1000% (Whitten & Patrick,
1981; Simon & Robbins, 1987; Grissinger & Murphey,
1986). We reasoned that physical habitat degradation
in our study region would be refiected in fish commu-
nities (Shields ef al., 1994, Berkman & Rabeni, 1987;
Frissell et al., 1986) and thus in IBI scores. The over-
all objective of this study was to identify relationships
between habitat conditions and fish assemblages across
a region impacted by channel incision. If successful,
these relaticnships would contribute to developing fish
habitat restoration strategies. Since channel incision
threatens siream corridor habitats in many areas (Emer-
son, 1971; Piest et al., 1977; Hortle & Lake; 1982;
Galay, 1983; Simon, 1989; Patrick et al., 1991; Kesel
& Yodis, 1992). workers in regions outside our own
may find this information useful.

Study areas

For this study, we selected 27 stream reaches in hilly
watersheds with incised channel networks along the
bluffline which borders the alluvial plain of the Missis-
sippi River in northwestern Mississippi (Fig. 1). Con-
tributing drainage areas ranged from 6.2 to 264 km"~,
while stieam otders ranged from 1 to 4. Following
European settlement, these watersheds experienced
deforestation, extensive gullying of hillslopes and val-
ley sedimentation (up to 3 m), and more recently (with-
in the last ~ 40 yr), channel straightening and rapid
channel erosion. Reported suspended sediment yield
was about 1100 t km™? yr~! (Grissinger et al., 1991;
Rebich, 19593). Higher order channels tended to be
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Table 2. Trophic classifications of fish species captured from
27 northwest Mississippi sites

Common Famly Genus Species
Omnivores
River Carpsucker  Catostonudae Carpiodes carpio
Smallmouth Buffalo Ictiobus bubalus
Black Buffalo Ictiobus niger
Grzzard Shad Clupeidae Dorosoma cepedianum
Threadfin Shad Dorosoma petenense
Common Carp Cyprimdae Cyprinus carpio
Red Shiner Cyprinella lutrensis
Bulihead Minnow Punephales vigilax
Strped Shuner Luxilus chrysocephalus
Golden Shiner N ig crysoleucas
Bluntnose Minnow Punephales notatus
Channel Catfish Ictalundae Ictalurus punctatus
Freshwater Drum  Sciaemidae Aplodinotus grunniens
Insectivorous Cyprinids
Blacktail Shiner Cypnnidae Cypninella venusta
Pugnose Minnow Opsopoeodus emiliae
Emerald Shiner Notropis atherinowdes
Creek Chub Semotilus atromaculatus
Redfin Shiner Lythrurus umbratiis
Tatllight Shiner Notropis maculatus
Bluntface Shiner Cyprinella camura
Yazoo Shiner Notropis rafinesquei
Piscivores
Largemouth Bass  Centrarchidse Micropterus salmoudes
Spotted Bass Micropterus punctulatus
Flathead Catfish Ictatundae Pyiodictis olvaris
Shortnose Gar Lepisosteid Lepi. platostomus
Longnose Gar Lepisosteus osseus
Spotted Gar Lepisosteus oculatus
Chain Pickerel Esocidae Esox niger

wide and flanked by large bars or berms, while low
order channels were narrow and often incised into hard
clay (Harvey & Watson, 1986; Simon, 1989). Streams
were typically lacking in pool habitat, were dominated
by sandy substrates, and had low woody debris densi-
ties (Shields et al., 1994). Available water quality data
indicated acceptable conditions for most warmwater
species (Slack, 1992; Cooper et al., 1992; Cooper &
Knight, 1991). Land use was generally non-urban, and
cultivation was generally restricted to valley bottoms
and comprised only 20-30% of watershed area. Hill-
slopes were pasture or forest.

Little is known about the aquatic fauna of this
region prior European seitlement, which occurred
c. 1835 and was followed by rapid deforestation,
hilislope erosion, and valley sedimentation (Hilgard,
1860). Ross & Brenneman (1991) listed 123 species
found currently or historically in the Yazoo River basin.
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Table 2. (Continued)
Common Famuly Genus Species
Non-cyprinid insectivores
Spotted Sucker Catostomidae Minytrema melanops
Pirate Perch Aphredoderus  Aphredoderus sayanus
Brook Silversides Athenmdae Labidesthes sicculus
Blacktail Redhorse Catostomidae Moxostoma poecilurum
Creck Chubsucker Erimyzon oblongus
Lake Chubsucker Erimyzon sucetta
Whte Crappie Centrarchidae Pomoxis annularis
Bluegill Lepomis macrochirus
Redear Sunfish Lepomis microlophus
‘Warmouth Lepomis gulosus
Longear Sunfish Lepomis megalotis
Green Sunfish Lepomis cyanellus
Spotted Sunfish Lepomis punctatus
Dollar Sunfish Lepomis marginatus
Banded Pygmy Sunfish  Elassomatidae Elassoma zonatum
Blackstnped Topmunnow Funduhdae Fundulus notatus
Blackspotted Topmunmow Fundulus olivaceus
Golden Topminnow Fundulus chrysotus
Yellow Bulthead Ictalundae Amewrus nataliy
Brown Bulihead Amerus nebulosus
Black Bullhead Amewrus melas
Brindled Madtom Noturus muurus
Brown Madtom Noturus phaeus
Johnny Darter Percidae Etheostoma nigrum
Dusky Darter Percina sciera
Brighteye Darter Etheostoma Iynceum
Blacksided Darter Percina maculata
Harlequin Darter Etheostoma histrio
Redfin Darter Etheostoma whippler
Guif Darter Etheostoma swamn:
Goldstripe Darter Etheostoma parvipinne
Yazoo Darter Etheostoma raneyt
Mosquito Fish Poeciludae Gambusia affnis
Herbivores
Central Stoperoller Cypnmdae Campostoma anomalum
Miss Silvery Mionow Hybognathus nuchalis
Detritivore
Southern Brook Lamprey Petromyzontidae Ichtyomyzon gages
Parasite
Chestnut Lamprey Petromyzontidae  Icthyomyzon castaneus

Recent studies of streams within this study area have
captured 31 to 52 fish species (Table 1), although many

occurred in fragmented ranges.

Data collection

At each study site, we sampled 200—400 m of chan-
nel for fishes and physical habitat variables during the
spring of 1992 and summer and early fall of 1993.
Acquisition of fish samples and physical data general-




e Besisi gt ¢ so mEna g atand b Gies oo smawohan! ozasllihin cenen A wIBIIRAT 82 A desms besmAns smnsasedsl e s stasasasa s b BXGy mewm

194

Table 3. Intolerant and tolerant fish species

Common Family Genus Species

Intolerant species
Spotted Sucker Catostormdae Mmnytrema  melanops
Blacktail Redhorse

Central Stoneroller ~ Cyprimidae Campostoma anomalum

Moxostoma  poecilurum

Taillight Shiner Notropis maculatus
Striped Shiner Lunilus chrysocephalus
Brown Madtom Ictaluridae Neturus phaeus
Blackside Darter Percidae Percina maculata
Harlequin Darter Etheostoma  histrio

Gulif Darter Etheostoma  swaint

Yazoo Darter Etheostoma  sp

Chain Picker Esocdae Esox nmiger

Telerant species
River Carpsucker Catostomudae Carpiodes  carpto

Green Sunfish Centrarchidae Lepomis cyanellus
Common Carp Cyprimidae  Cyprinus carpio

Red Shiner Cyprinella  lutrensis
Golden Shiner Notenugonus crysoleucas
Bluntface Shiner Cyprinella  camura
Yazoo Shiner Notropis rafinesquei

ly required two to three hours of work by 6 persons.
Sampled reach lengths were equivalent to 17 to 151
water surface widths (mean=42, s.d.=28). The tem-
poral and spatial frequency of channel features such as
pools, runs and riffles was erratic due to the highly dis-
rupted nature of stream morphology, but in all cases,
reach lengths were long enough to accurately reflect
site quality (Angermeier & Karr, 1986).

Fish were collected from each site at base flow
using a Coffelt BP-4 backpack mounted electroshock-
er. Sampled reaches were fished for a total of 421
to 2819 sec (mean= 1176, s.d.=471) of electric field
application by a three-person crew wading upstream.
One person carried the electroshocker, while two cap-
tured stunned fishes in nets. The crew took care to
thoroughly sample banklines and habitat structures not
on the bank-riffles, snags, holes, etc. Effort was applied
at each structure until catch per unit of effort began to
decline. If no fish were produced in response to initial
effort, the crew continued wading upstream.

Fishes longer than about 15 cm were identified,
measured for total length, and released. Weights
were estimated using length-weight regression formu-
las developed from previous collections of fish from
northern Mississippi. Smaller fish, and larger fish that

could not be identified in the field, were preserved
and transported to the laboratory for identification and
measurement of weight and length. Fish shorter than
2 cm were not used in IBI computations to avoid artifi-
cially inflating species richness by including young of
the year of rare species (Fausch et al., 1990). In both
the field and laboratory, presence of lesions or other
anomalies on fishes were noted during processing.

Water pH, conductance, dissolved oxygen, temper-
ature were measured immediately before or after elec-
troshocking using a Martek water quality meter. Phys-
ical aquatic habitat variables were sampled from each
study reach concurrent with fish sampling. The design
of physical data collection and analysis procedures was
partially based on work by others (e.g. Gorman & Karr,
1978; Petersen, 1992; Plafkin et al., 1989; Berkman
et al., 1986), but was intended to describe conditions
in the channelized, eroding channels we studied. We
sampled depth and bed type at 100 points at each site
arrayed at roughly equal intervals along 20 transects.
Side channels and embayments were sampled only if
they were hydraulically connected to the main chan-
nel at up and downstream ends. Depth was measured
with a wading rod, and bed type was visually classi-
fied as clay, sand, gravel, riprap’, vegetation, debris, or
other (e.g., man-made items). Measured water surface
width and visual estimates of top bank width, chan-
nel depth, and bank vegetation were also recorded for
each of the 20 transects. The presence and number
of beaver dams and manmade structures (e.g., weirs,
revetmentsZ, jacks’, etc.) within or immediately down-
stream from each reach were noted, and the area of each
large woody debris formation in the plane of the water
surface was visually estimated. Contributing drainage
areas and stream orders were computed using U.S.
Geological Survey 1:100000 scale topographic maps.
Ephemeral channels were included in drainage net-
work analysis for stream order determination. Channel
bed slope measurements and bed sediment size distri-
butions were obtained for as many sites as possible
from literature and data files of the National Sedimen-
tation Laboratory.

1 Angular preces ot quarried imestone ~ 10 to 40 cm wn drameter
placed for erosion control.

2 Blankets of nprap placed on eroding banks.

3 Erosion control devices made by joining three 5-m long con-
crete beams at their midpowints Jacks are usually placed in arrays
along eroding banks and fastened together with steel cables.
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Data analyses

We computed species composition for each fish collec-
tion. Each species collected was assigned to an appro-
priate trophic guild using our own expertise backed
up with reference to work done by others (e.g., Karr
et al., 1986, Angermeier & Schlosser, 1987; Saylor &
Ahlstedt, 1990; Robison & Buchanan, 1988) (Table 2).
When trophic status for younger fishes differed from
larger, mature individuals, we used the latter.

As shown in Table 3, we classified 13 of the 65
species on our master hist as intolerant and 7 as tol-
erant based on our previous observations (Table 1)
and work by Jester et al. (1992). Tolerants includ-
ed the green sunfish (Lepomis cyanellus), which is
often regarded as tolerant of environmental degrada-
tion (Karr et al., 1986), and two species that spe-
cialize in shallow, sandy stream habitats, the blunt-
face shiner (Cyprinella camura) and the Yazoo shiner
(Notropis rafinesquei) (Suttkus, 1991). These shiners
were ubiquitous in the degraded reaches of our study
area because of the prevalence of shallow, sandy habi-
tat in the eroded channels. Although they would be
regarded as habitat specialists and perhaps as intoler-
ant in some regions (e.g., Jester et al. (1992) rated
Cyprinella camura as intolerant of both water quality
and habitat degradation), we used them as indicators
of the level of disturbance due to channel erosion.

In order to compute IBI scores, we had to modify
the original formulation (Karr et al., 1986) to allow for
regional faunal differences and the scarcity of unim-
pacted or lightly impacted streams for reference sites.
Metrics used to formulate the original IBI were modi-
fied 1n three ways consistent with recommendations by
Karr ef al. (1986) for applications outside the midwest-
ern U.S. First, the metric proportion of individuals as
green sunfish was replaced by proportion of individ-
uals that are members of tolerant species. Although
green sunfish tended to dominate many of the collec-
tions, other sites were populated primarily by one or
more of the tolerant species listed in Table 2. Therefore
the metric was broadened. Secondly, Micropterus spp.
were not excluded when enumerating sunfish species
because our experience mndicates that these species arc
particularly sensitive to the kinds of habitat degrada-
tion common to our study region. Thirdly, since elec-
trofishing times varied from site to site, catch per unit
of effort (measured in units of fish per minute) was
used as the metric of fish abundance instead of the
number of fish in each sample.

st % RRBRRSR o il RERS oy RERRSS
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Due to a lack of suitable reference sites, scoring
critena for each IBI metric were set at natural break-
points in the data or, if distributions were not clustered,
at levels so that the data set was divided roughly nto
thirds. This approach led to development of an index of
relative biotic integrity, and the results should be inter-
preted accordingly. Plots of species richness metrics
against upstream watershed area showed no relation-
ships (Fig. 2), and therefore scoring criteria were not
adjusted for stream size. Metrics and scoring criteria
are listed in Table 4 along with values proposed by
Karr er al. (1986).

Physical habitat data were used to compute 13
metrics of physical habitat quality (Table 5). Selec-
tion of metrics was based upon earher work elsewhere
(Plafkin et al., 1989, Osborne et al., 1991), in this
region (Shields et al., 1994), and similar work detail-
ing physical habitat/fish community relationships in
disturbed warmwater streams, and was intended to
track physical (but not chemical, i.e., water guali-
ty) degradation likely to impact biotic integrity. Five
metrics reflected riparian conditions: the proportion of
walter surface directly underneath shade canopy and the
proportion of bank line supporting large trees, small-
er woody vegetation, herbaceous vegetation, and the
exotic vine, kudzu (Pueraria lobata). Kudzu suppress-
es native riparian woody species in our study region
(Shields et al., 1993), and offers and offers virtually
no shade or bank stabilization benefit.

Two metrics were related to the severity of chan-
nel incision and attendant accelerated channel erosion:
channel (not water) depth and top width. Two metrics,
the proportion of bed surface as sand and as gravel,
directly reflected substrate conditions. Sediment coars-
er than gravel was virtually absent in our study regton.
We combined substrate and depth to generate a metric
of habitat richness (Table 5). Since manmade struc-
tures often furnish the only pool habitat and cover in
the disturbed streams studied, we formulated a metric
to express structural influence based on estimates of
the relative area of hydraulic influence of each struc-
tural type (Table 5). Pool habitat availability was the
final physical metric.

The utility of the relative IBI for quantifying effects
of various physical habitat deficiencies on fish was
tested by computing correlation coefficients between
biotic and physical metrics. In addition, distributions
of physical metrics for sites with high and low relative
biotic integrity were compared using a nonparametric
(Mann-Whitney U) test.
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Results

A total of 27 sites were sampled. Twenty-six sites were
sampled in 1992; and 24 of these were sampled in 1993,
plus one additional site, giving a total of 51 data sets.
Fish sampling yielded a total of 16 707 individuals rep-
resenting 65 species and 2 hybrids. Individual collec-

Fig 2. Species nichness metrics versus contributing watershed area.

tions ranged from 24 to 1475 individuals (mean= 326,
median =222) representing 3 to 23 species per site per
sampling date (a ‘collection’). Mean numerical catch
was 23% lower for spring and early summer (1992)
than summer and fall (1993) samples, but variances
were homogeneous, and the difference in annual means
was not statistically significant (p=0.20, paired two-
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Scores
Category Metnic 1 3 5
Species richness Total number of species 0-9 10-16 >17
and composition? 0-3) 49 1)
Number of darter species 0 1 >2
0) (1-2) (=3
Number of sunfish species’ 0-2 3-4 >5
© ) (22)
Number of sucker species 0 1 >2
0 6] (>2)
Number of intolerant species 0 -2 >3
0 1-2) 3
Trophic Proportion of individuals >35% 20% < x < 35% < 20%
composition that are members of species
classified as tolerant* (>20%) (5%-20%) (<5%)
Proportion of individuals >20% 5% < x <20% < 5%
as OMmnIvores (> 45%) (20%-45%) (< 20%)
Proportion of individuals < 10% 10% <x<50% >50%
as msectivorous cyprinids (<20%)  (20%-45%) (> 45%)
Fish abundance Proportion of mdividuals < 1% 1% <x<2% >2%
and condition as piscivores (< 1%) (19%-5%) (>5%)
CPUE, fish per minute” <8 8§ <x<20 >20
Proportion of mdividuals > 2% 010% <x<2% <0.10%
as hybrids 1%) (>0%—-1%) (0%)
Proportion of individuals > 2% 1% < x<2% <1%
with disease or anomaly (> 5%) (>2-5%) (0-2%)

2 Sconng critena for these metrics vary with stream size and region. Those shown i parentheses are
for third-order sites on the Embarras Ruver, Iihnois (Fausch et al , 1984 m Karr er al., 1986) and are

presented here for general comparison only.

3 Our metric mcluded Micropterus spp., while Karr ez al. (1986) did not. See text for detauls.
4 Metric proposed by Karr et al. (1986) was proportion of individuals as green sunfish. See text for

discussion.

5 Scorng cnteria given by Karr ez al. (1986) were mn umts of total individuals i each sample.

sample ¢ test). Twelve of the 51 collections contained
fewer than 100 fish, and 39 contained fewer than 400.
Fishes longer than 20 cm were extremely rare, and
were absent at shallower sites.

Only 4 species comprised 52% of the numeri-
cal catch: the mosquito fish, Gambusia affinis (8%),
and the cyprinids Cyprinella camura (20%), Notropis
rafinesquei (15%), and Semotilus atromaculatus (9%).
Cyprinella camura appeared in 38 of the 51 collec-
tions. Five of the 65 species captured and one of the
hybrids were represented by only one individual, and
20 species were represented by 9 or fewer fish. Tolerant
species comprised as much as 80% of individual collec-

tions and averaged 35%. Four of the 13 most abundant
species, including the two most abundant were ones
we rated as tolerant (Table 2). Furthermore, 7 of the
11 most abundant species, comprising 35% of the total
numerical catch, were rated as tolerant or moderately
tolerant of water quality and habitat degradation by
Jester et al. (1992). Hybrids appeared in only S of the
51 collections, but may have been underestimated due
to difficulties in identification (Killgore & Douglas,
1988). Fish with anomalies, parasites, and diseases
were found in 26 of the 51 collections. Sunfishes were
present in all collections and averaged 3 species per
collection. Suckers were less common, averaging only
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Table 5 Metrics used to charactenize physical habitat quality

IR 6 3aRd SO B B8 . 0300003 GGl el GMia o Annd o ssrBAReT £ e grmen Romedes R sl a h SRR RS St

Category Metric How computed Units
Riparian Proportions of bank hne supporting Visual estumate of proportion of bank covered with each of the  Percent
conditions large (> 5 m tall) trees, smaller woody 4 vegetation types

vegetation, grasses and other
herbaceous vegetation, and exotic
vine, Puerana lobata (kudzu)

Canopy Average of visual estimate at each of 20 transects Percent

Severity of
channel incision

Channel depth

Channel depth based on visual estimate at each of 20 transects, m/m
water depth was average of measurements at 100 gnd points

Top width of channel Channe} width was average of visual estimate at each of 20 m/m
transects, water width was average of measured values at each
transect
Substrate and Proportion of bed surface as sand Visual classification of bed type made at each of 100 gnd Percent
habitat points, number sand/number gravel
heterogeneity Proportion of bed surface as gravel Visual classification of bed type made at each of 100 gnid Percent

points; number sand/number debris

Habitat richness

The number of ‘habitat types’ repiesent in the grid point data Count

were enumerated. Four depth categories (0- and 6 substrates
were recognized for a total of 24 possible habitat types. Depth
categonies were chosen to be representattve of distinct fish
habitats based on experience gamed from previous
ichthyofaunal surveys of watersheds 1n the region.

Cover and pool  Large woody debris density
formation

Sum of visually estimated areas of all LWD formations mnthe  m?/km?
plane of the water surface divided by water surface area

Influence of structures

Proportion of reach influenced by structure m/m

=[ ¥ length of zones of influence]' /reach length in m

Availatnlity of pool habitat

Proportion of water depth measurements made at each of 100 Percent

gnd points concurrent with fish sampling > 30 cm

1'% length of zones of influence = { [25 m X number of spur dikes] + {length of riprap revetment m m] + {1 m X number of Kellner Jacks}}/
2 + [100 m x number of grade control structures] + [10 m X number of beaver dams]
Wezghts for structure types were assigned based on field observatons of typical regions of hydrankic influence. Note that zone lengths for

structures placed on bank are divided by 2

1 species per collection and were absent in 19 of the
31 collections. No collection contained more than 2
sucker species. Darters and intolerants were present in
37 and 39 collections, respectively. Up to 5 intolerant
species were found in each collection, with an average
of 2 species per collection. Trophic composition of fish
collections averaged 15% omnivores, 38% insectivo-
rous cyprinids, and 3% piscivores. No piscovores were
found in 15 collections, and piscivores comprised 1%
or less of 29 of the 51 collections. Collections from
shallower sites were dominated by cyprinids and cen-
trarchids, while centrarchids were more numerous at
deeper sites. Suckers were relatively rare at shallow

sites, while darters were more common at shallower
sites than deeper ones.

IBI scores based on the 51 collections ranged from
24 to 50, which compares with a possible range of 12
to 60. Mean IBI scores were not significantly differ-
ent between years (paired, two-sample t-test, p=0.27).
Site by site comparison of 1992 and 1993 IBI scores
revealed variations ranging from — 14 to +16 (Fig. 3),
and the absolute value of these variations was not cor-
related with either 1992 or 1993 IBI score. Distribu-
tions of IBI scores and component metrics were similar
for the two years, but the 1993 data displayed slightly
higher levels of species richness, and IBI scores were
accordingly skewed towards higher values (Fig. 4).
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Table 6 Correlation coefficients between biotic and physical metrics with p<0.05 Entries in standard font are for 1992 data, and italicized

entnies are for 1993 data

Channel Channel Proportion Structural Canopy Grassor  Kudza Woody

depth  width  ofbed influence
surface as
Metric gravel

herbaceous
vegetation

Trees > Habitat Water Avail-
vegetation 5 m high nchness width ability
smaller than of pool
S mhgh habitat

Total no of 043
species

No. of dartex —-038 —036 —-038 0.47
spectes 046

No. of sucker 035 052
species

No. of intolerant —0 37 -0 38 035
species —0.35

Proportion of 034
individuals

classed as

tolerant species

Proportion of 045
individuals

classed as

omnivores

Proportion of
individuals
classed as
1nsectivorous
cypinnids

Proportion of 042
ndividuals

classed as

piscivores

Catch per unit 035
of effort

—-035 0.38, —0 34,

—-039 040

053 —038 051

—040

051 037 —042 -048

—0 46 0.39

043

048

—-042 036,
053 -0 34 -0 38

The total number of species explained 70% and 64%
of the variance in IBI scores in 1992 and 1993, respec-
tively.

In order to assess the temporal variation in IBI-
based stream classification, each of the two annual
data sets were bisected about their midpoints: sites
with IBI scores >37 were designated as sites with high

relative biotic integrity, while those with scores <37
were in the low relative biotic integrity category. Of
the 24 sites which were sampled duning both years, 16
remained in the same category both years,

Water quality observations were consistent with
findings of more extensive studies (Slack, 1992; Coop-
er, McCoy, & Knight, 1992; Cooper & Knight, 1991;
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Tuble 7 Comparison of physical habitat metrics and water quality for sites with low (<37) and high (>37)
relative biotic integrity”

!
5 1992 1993
Mean for 15 Mean for 9 Mann- Mean for 11 Mean for 13 Mann-
% ‘ sites with  sites with Whatney 8 sites with  sites with ~ Whatney’
IE IBI >37 Bl <37  probability IB1 >37 IBI <37 probability
; Watershed area, km? 76 56 0.929 59 74 0 149 !
Channel depth, m 5 4 0.200 4 4 0463 !
Channel top width, m 25 22 0531 20 21 0605 i
Proportion of bed 63% 64% 0881 63% 34% 0644
surface as sand
Proportion of bed 23% 2% 0 880 15% 25% 0.589
surface as gravel
Structural influence 9% 17% 0.287 3% 15% 0.076
Woody debris density 15,354 18,860 0194 39,289 53,110 0.264
(m?/km?)
Canopy (%) 32% 24% 0.371 46% 38% 0549
Grass 14% 17% 0591 19% 20% 0479
Kudzu 7% 3% 0238 18% 9% 0286
Brush < 5 m high 31% 28% 0531 29% 33% 0.369
Trees >5 m hugh 10% 6% 0387 10% 9% 0.935
Water width (m) 7 7 0.788 6 7 0.430
Habitat nchness 8 10 0.126 9 10 0.281
Availability of pool 18% 21% 0.282 19% 21% 0.496 :
habitat ;
Temperature, deg C 231 245 0.405 26.8 26.0 0 860 i
Specific conductivity, 235 83 0.057 281 116 0972 ; ,
umhos cm~! i
Dissolved oxygen, mg 8.1 78 0942 75 80 0307 B
L- 1 : 1
pH 7.0 66 0.469 7.2 74 0503

7 Sites with IBI scores = 38 were excluded from this analysis to insure a mmimum difference of 4 between
IBI scores of low and hgh classifications.

8 The value shown represents the probabality that the difference between the ranks of the measurments could
arise due to chance alone 1

55
50
45
40
35

1993 18! scores

30
25

20 : : : ' |
20 25 30 35 40 45 50 L
1692 iBl scores

TR

SR R

iine of perfect agreement .

¢ [Biscores r=050

Fig. 3. Relative index of biotic mntegrity based on collections made 1n late spring and early summer, 1992 versus relative index of biotic
integrity based on collecions made at the same sites dunng summer and fall, 1993,
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Table 8. Companson of biotic metrics for sites with low (<37) and high (>37) relative biotic xntegrity"
1992 1993
Mean for 15 sies Mean for 9 sites Mann-Whitney Moean for 11 sites Mean for 13 sites Mann-Whitney
with IBI>37  withIBI<37  probability!® withIBl>37  withIBI<37  probabiluy'®
Total number 10 17 0.001 11 17 <0 001
of species
Number of 1 1 0110 1 2 0070
darter species
Number of 3 4 0058 3 4 0.014
sunfish species
Number of 0 1 0.002 ] 1 <0 001
sucker species
Number of species 1 3 0002 1 2 0.009
classified as intolerant
Percent individuals 42% 31% 0.222 3% 28% 0.341
as tolerants
Percent individuals 15% 13% 0976 18% 13% 0.644
as omnivores
Percent individuals 31% 39% 0.297 46% 33% 0.369
as msectivorous
cyprnids
Percent individuals 1% 5% 0051 1% 4% 0.031
as piscivores
Catch per unit of 1 17 057 19 15 0.807
effort (fish/min)
Percent mdividuals 0.30% 0.00% 002% 0.07%
as hybnds
Percent individuals as 2 35% 0.27% 117% 058% 0536
with lesions, parasites,
or body anomalies
IBI 31 44 <0.001 33 44 <0.001

9 Sites wath IBI scores = 38 were excluded from this analysis to insure 2 msmmum difference of 4 between IBI scores of low and hugh

classifications. Boldface indicates p < 0.05.

10 The value shown represents the probability that the difference between the ranks of the measurments could arise due to chance alone

Cooper & Knight, 1987). Measured values of tem-
perature ranged from 12.6 to 32.3 °C, dissolved oxy-
gen from 5.1 to 13.8 mg 17!, and pH from 5.6 to
8.8, indicating acceptable conditions for aquatic life.
Specific conductance ranged from 14 to 1178 pmhos
cm™ 1. Three values of specific conductance exceeded
900 pmhos cm™!, likely indicating undesirably high
levels of dissolved ions.

Physical habitat conditions were typicai of incised
channels in this region (Shields & Hoover, 1991).
Effects of channel straightening and accelerated chan-
nel erosion were manifest by deep channel incision
and raw, eroding banks or, less commonly, by high
sediment loads, floodplain sand deposits, and recent
conversion of bottomland to wetland habitat in lower
reaches of the incising watersheds. Channel widths and
depths averaged 23 m and 4 m, respectively, but mean
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Table 9. Physical habitat and water quality charactenistics for sites with maximum and mimmum relative biotic integrity scores

1992

1993

Physical Habitat Metric Two sites with

lowest relative IBI

Two sites with
highest relative IBI

Two sites with
lowest relative IBI

Two sites with
highest relative IBI

Proportion of bank line

supporting woody vegetation, percent 2628
Canopy, percent 0-1
Channel depth, (m) 4-5
Top width of channel, (m) 16-22
Proportion of bed surface

covered with sand, percent 16-52
Proportion of bed surface

covered with gravel, percent 48--80

Habitat richness, number

of depth category-bed type 4-7
combinations observed

Large woody debris

density, m? km—2 01,030
Structural influence,

percent 0-0

Availability of pool habitat,
percent water area with depth > 30 cm 0-02

Temperature, deg C 18-25

Specific conductivaty,

pinhos cin 120-520
Dissolved oxygen, mg L—! 68-9.8

pH 6.6-88
Evidence of other One of these sites
stresses was dry m 1993

Index of relative
biotic integrity 24-24

2449 25-39 24-49
4-7 31-53 4-7
44 6-6 4-4

32-40 15-24 32-40

40-46 3540 40-46

42-46 0-53 42-46

10-16 10-15 10-16

11,900-20,100 0-207 11,930-20,102
0-28 0-17 0-28
5-7 2-29 5-7

300 17-27 29-31

626 82-948 68-166
62-7.1 70-73 7.5-85
64-76 63-75 76-79

None Numerous dead fish  None

observed at one site

50-50 24-30 46-50

6 Data were available for only one of the two sites.

water surface widths and depths were only 7 m and
20 cm. Width of incised channels increased with water-
shed area, but channel depth did not, because the small-
er streams were often just as deeply incised as larger
ones. Water depths tended to be shallow, and only 20%
of the sampled depths exceeded 30 cm. Mean water
depth, percent of depths >30 cm, and width were pos-
itively correlated with watershed area (r=0.54, 0.53,
and 0.59, respectively, and p<0.00004),

Shade canopy ranged from 0 to 88%, but averaged
only 34%. Trees taller than 5 m were recorded for only
9% of the banklines (by length). Woody debris for-
mations occupied areas ranging from 0 to 332 000 m?

km~2 of water surface. Substrates were dominated by
sand (60%), with only 11 of the 51 collections hav-
ing more gravel than sand. At each site, an average
of 10 (range 4 to 20) different ‘habitat types’ (depth-
bed type combinations) were recorded. Sediment size
distributions were available for 12 sites, and median
sizes ranged from 0.27 to 0.60 mm. Bed slopes were
available for 11 of the 27 sites, and ranged from 0.8 to
2.0 m km~!. Bed slopes were inversely proportional
to watershed size (r= —0.82, p=0.002), but bed mate-
rial size was not significantly correlated with slope or
watershed size. In 1992, 11 of the 26 sampled sites
had some type of bank protection structure, including
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short stone spurs* (4 sites), stone blanket riprap (three
sites), a ridge of stone placed along the bank toe (4
sites) and Kellner jacks (one site). By the 1993 sam-
pling, stone spurs and low (0.6 m) stone weirs had each
been added to one site each, and a grade control weir
had been constructed immediately downstream from
another site.

Correlations between physical habitat and IBI met-
rics that were significantly different from zero at the
95% confidence level are listed in Table 6. None of the
correlations were >0.54, and many were unique to only
one of the two years. Six pairings were similarly associ-
ated in both data sets: the number of darter species was
positively correlated with canopy, the number of intol-
erant species was inversely related to channel depth
and kudzu, and numerical catch per unit of effort was
positively correlated with kudzu and inversely relat-
ed to large tree cover and pool habitat availability.
These relationships are sensible in light of our qual-
itative observations. Darters were more common in
relatively stable, nonincised reaches with tree-lined
banks. Streams with mild or moderate incision tend-
ed to have well-vegetated banks and more pool habi-
tat. Incised channels often had treeless banks draped
with kudzu. These streams were almost entirely com-
posed of shallow, sandy habitats populated by large
numbers of small cyprinids which were easily cap-
tured. Riparian vegetation composition has been used
as an indicator of stream habitat quality in agricultural
watersheds in Missouri (Berkman et al., 1986) and by
Petersen (1992) for lowland agricultural watersheds in
Sweden, alpine watersheds in Italy and intermontane
desert watersheds in Idaho.

Physical conditions found in streams with high
and low IBI scores were compared. The midpoint of
the observed IBI score range (37) was selected to be
the dividing line between high and low relative biotic
integrity. Each of the two data sets (1992 and 1993)
were divided into subsets representing sites with IBI
scores greater than and less than 37. In order to insure
that the minimum difference in relative biotic integrity
between high and low sites was significant (Karr et al.,
1986; Fore et al., in press), sites with IBI scores=38
were excluded from this analysis. Thus the IBI scores
for subsets representing relatively low integrity ranged
from 24 to 36, and those representing high integri-
ty ranged from 40 to 50. Means were then computed

4 Riprap erosion control structures that protrude mto the channel
at right angles to the flow. Spurs are typically less than 10 m long
and are placed on eroding banks at intervals of 151025 m

bl S
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for selected physical and biological metrics for each
group, and

Within our data set, relative biotic integrity was a
weak indicator of physical habitat degradation. None
of the differences in physical metrics between groups
with high relative IBI scores and those with low scores
were statistically significant when compared using a
MannWhitney U test (p>0.057) (Table 7). This was
despite the pronounced differences in IBI scores and
several of its component metrics (Table 8). The total
pumber of species, number of sunfish, sucker, and
intolerant species were significantly different (p<0.05)
both years.

When sites that represented the extremes in relative
biotic integrity were compared, physical differences
were much more apparent (Table 9). In 1992, the sites
with the top two IBI scores had woody debris densities
on the order of 10* m? km™2, 5-7% of water area
with depth>30 cm, and moderate levels of physical
richness (10-16 different depth-bed type combinations
observed). One of the top two sites was influenced
by manmade structure (a ridge of riprap placed along
110 m of the bank toe). In contrast, the two sites with
lowest relative biotic integrity in 1992 had no structural
influence, were practically devoid of woody debris and
pools, and had very low (S=4 to 7) levels of physical
habitat richness. Furthermore, one of these two sites
was dry when visited in 1993. Water quality differences
were not detected, except that high IBI sites tended to
have lower specific conductance.

In 1993, one of the top two IBI sites from 1992
repeated as a top site, but the other three sites in
this comparison were different from 1992. Howev-
er, higher levels of relative IBI were still associated
with higher woody debris density, manmade structures,
pool habitat availability, and lower specific conduc-
tance (Table 9). The site with lowest observed relative
IBI (24) had a specific conductance of 948 pmhos
cm™L

Discussion

Habitat conditions (shallow depths, sandy substrates,
little woody debris or riparian vegetation) and associ-
ated fish assemblages (dominated by small individu-
als of tolerant species) were similar to those reported
for other agricultural watersheds in Mississippi and
the eastern U.S. that have been impacted by accelerat-
ed channel erosion (Shields & Hoover, 1991; Menzel
et al. 1984). Our failure to define stronger relation-
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ships between physical habitat quality and fish-based
indices of relative biotic integrity was disappointing,
especially in light of the successes 1eported by others.
Most difficulties were due to the extent of physical
stream habitat degradation 1n our study region. First,
and perhaps most important, we were not able to des-
ignate unimpacted reference sites. We compensated
for this shortcoming by basing our expectations and
metric scoring criteria on the data at hand, which fed
us to computation of indices of relative rather than
absolute biotic integrity. Since pristine watersheds are
practically nonexistent, all IBI analyses follow a some-
what similar path, but to a lesser degree than i our
case. Secondly, IBI scores varied a good bit from one
year to the next at a given site. Although some of this
variation may have been due to seasonal differences
between years, most variation was probably related to
habitat quality. Karr et al. (1987) found that temporal
IBI variation was greater for lower quality sites. In
a regional study of Ohio streams, temporal variation
of a fish-based IBI was greatest for streams degraded
by cultural pollution (Rankin & Yoder, 1990), and the
coefficient of variation for IBI was negatively correlat-
ed with a habitat quality index. The levels of temporal
variation we observed were high relative to variations
reported by Karr er al. (1987) and Steedman (1988)
bui were in line with variations reported by Rankin &
Yoder (1990) for reaches with degraded habitats. Con-
versely, western ecosystems may bchave differently.
Bramblett & Fausch (1991) noted several problems
with applying an TBI to a portion of the Arkansas Riv-
er basin 1n southeastern Colorado characterized by low
habutat diversity, low woody debris density, and highly
variable flow regimes. In particular, IBI scores showed
a temporal upward trend during a period of impact.

A third problem we experienced was related to low
leveils of fish abundance. The majority of our fish col-
lections were smaller than the minimum size (400)
recommended based on statistical considerattons (Fore
etal., inpress). Ustng a bootstrap resampling algorithm
to conduct repetitive IBY analyses of a large data set
from Ohio streams, Fore ef al. (in press) found that,
‘IBI scores at sites for which less than 400 fish were
collected were notably more variable.” Obtaining sam-
pies of 400 fish from extremely degraded sites is not
always feasible, possible, or a wise use of the fish-
ery resource. Samphing techniques for fish are always
problematic. Our experience 1n this region indicates
that backpack electroshocking is the most appropriate
gear for the extremely complex habitats in the range of
stream sizes we studied (water widths 3—12 m, depths
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7-58 c¢m). Electroshocking has also been used with
success for regional IBI studies in Ohio (Ohio EPA,
1989), southern Ontario (Steedman, 1988), and many
other areas.

A fourth problem also relates to the lack of ref-
erence sites. Statistical power analyses indicate that
the IB] may be used to discriminate among 5 distinct
classes of biotic integrity. We were unable to detect sig-
nificant physical differences between only two classes
based on biotic integrity. However, our set of study
sites may have been limited to too narrow a range
of habitat and biotic conditions to detect gradients.
The range of IBI scores we obtained (50-24=26) is
slightly more than half as great as the possible range
(60--12=-48), and we were able to produce this wide a
spread by adjusting our metric scoring criteria to fit the
observed ranges. A more orthodox approach to mea-
suring and assessing biotic integrity may have resulted
in a narrower range of IBI scores and thus placed all,
or nearly all, of our sites in one rather than two cate-
gories.

Sites with highest levels of relative biotic integri-
ty consistently had woody debris densities between
about 5000 and 20000 m* km~?2, but woody debris
was scarce (0 to 1000 m? km—2) at sites with lowest
relative IBI (Table 9). Large woody debris is an impor-
tant structural component of warmwater fish habitats
(Hickman, 1975, Hortle & Lake, 1983, Angermeier
& Karr, 1984). In sandy warmwater streams, woody
debris may be the locus for much of the invertebrate
production (Benke et al., 1985) and create higher lev-
els of physical heterogeneity (Shields & Smith, 1992)
and pool availability (Ebert er al., 1991). Pool habi-
tat and structural influence was also associated with
highest levels of relative IBI when compared to sites
with lowest scores. Pool habitat availability has been
related to fish species richness in this region (Shields
¢t al., 1994, Shields & Hoover, 1991) and elsewhere
(Evans & Noble, 1979; Schlosser, 1982; Meffe & Shel-
don, 1988; Ebert et al., 1991), and to catch per unit
effort (Foltz, 1982). In disturbed, warmwater streams
channel stabilization structures such as weirs (Cooper
& Knight, 1987; Shields & Hoover, 1991; Edwards
et al., 1984), spur dikes (Carline & Klosiewski, 1985;
Knight & Cooper, 1991b; Shields ef al., 1993) and oth-
er types of bank protection are often associated with
higher levels of fish abundance, species richness, and
species diversity due to the formation of stable pools
and cover.

Subtle water quality influences may have con-
founded relationships between physical habitat qual-




206

ity and relaiive IBI scores. The scarcity of fish with
diseases, parasites, or anomalies suggested that water
quality was generally within tolerable limits, and with
the exception of three slightly elevated specific con-
ductance measurements (900-1200 pmhos cm ™), the
limited data we collected indicated no water quali-
ty problems. However, other studies of some of the
same streams have reported elevated (3000 to 5000 mg
1~ 1) suspended solids concentrations during and imme-
diately after storm events (Cooper & Knight, 1991;
Rebich, 1993). Studies of sites in two of the watersheds
found that and stream bed scdiments were sometimes
contaminated with arsenic, mercury, and residues from
long-lived organochlorine pesticides that were applied
historically, but are no longer used (Knight & Coop-
er, 1991a; Cooper et al., 1992). One of these stud-
ies revealed that fish tissues contained concentrations
of organochlorine insecticides, and on occasion, cur-
rently used insecticides, that were high relative to
adjacent water and sediments, suggesting bicaccumu-
lation (Knight & Cooper, 1991a). Effects of these
residues on fish assemblage characteristics that are
the IBI metrics are unknown, Invertebrate bioassays
have also revealed that bed sediments from some of
the streams we studied contain toxic levels of contam-
inants (Knight et al., 1994).

Conclusions

Although the streams we studied have been severe-
ly degraded, they still harbor a large number of fish
species (65), albeit in fragmented ranges. This fact,
coupled with the low intensity of land use in much
of the study area, indicates significant potential for
restoration of stream corridor ecosystems. Complete
restoration of pre-European settlement conditions is
not practical, and therefore decisions have to be made
regarding the seiection of habitat characteristics for
treatment. Because our formulation of the index of
biotic integrity was indicative of only the grossest dif-
ferences in habitat quality, it can be used as only a
general guide for restoration decisions. The weak rela-
tionships between metrics of physical habatat quality
and relative IBI scores may be due to large temporal
variations in biotic integrity typical of degraded habi-
tats, particularly warmwater streams that have been
transformed by accelerated erosion and sedimentation.
Alternatively, water quality degradation, which we
did not measure, may have confounded relationships
among physical and biological variables.

Regional application of the IBI as an assessment
tool in a landscape with widespread physical degrada-
tion of stream habitats must overcome several obsta-
cles. Among these are the lack of suitable reference
collections for setting metric scoring criteria, large
temporal variation in IBI scores at a given site, and
small numbers of fish per collection leading to lower
confidence levels for IBI scores. Finally, the scarcity
of reference sites may also make 1t difficult to estab-
lish gradients of biotic integrity and physical habitat
quality.
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